INTRODUCTION
Although barley (Hordeum vulgare L.) has a long history as food, it must compete with oats, rice, and wheat, which are already well-accepted food commodities in the market. At present, extensive food research has demonstrated the versatility and adaptability of barley for much more food products than pearled barley. The advent of new barley varieties, starch types, and hulless genotypes has presented to the cereal food industry an opportunity to develop new barley products, which are exciting and have many health benefits (Newman and Newman, 2008) .
In covered barley, the flowering glumes are fused and adhere strongly to seed with a cementing substance. In hulless barley, fusion of the flowering glumes does not occur and the hull falls off during threshing (Bhatty, 1999) . The seed coat of hulless barley is loosely attached and easily removed during harvesting, resulting in grain with a test weight and physical appearance similar to wheat (Evers and Millar, 2002) .
Kernel size or plumpness can become important measures of quality in food barley. Plump grains contain significantly more starch, less protein, and less fibre than thin kernels. Barley kernels vary widely in size due to genotype, position on the spike, and environmental growing conditions. Typical hulless kernels usually weigh between 25 and 35 mg (Newman and Newman, 2008) . Thousand kernel weight provides a measure of average kernel weight, and this criterion is widely used in barley breeding to describe grain plumpness.
Comparison of covered and hulless barley has shown that the later generally contains more protein, starch and b-glucan. This is due to removal of the fibrous hull, which has a dilution effect on these components (Bhatty, 1999) . Two large-molecular-weight polysaccharide soluble fibres (arabinoxilan and b-glucan) are structural components of the thick cell walls of the aleirone. The cell walls of the starchy endosperm contain the same two polysaccharides found in the cell walls of the aleirone tissue, but the amount of b-glucan is greater than of arabinoxilan (Newman and PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 67 (2013), No. 4/5 (685/686) (V% = 13.4-25.6 ). Significant (P < 0.05) positive correlation was detected between radical scavenging activity and total phenolic content (r = 0.519) and starch content (r = 0.530) . The best hulless breeding lines '1185' and 'IC 360' (variety 'Kornelija' submitted for DUS and VCU tests) were selected for future usage in clinical investigations. Key words : hulless barley, physical and chemical traits, total phenolic content, scavenging activity, a-tocopherol. Newman, 2008) . Barley kernels contain high levels of b-glucans, and much of the research on the health-promoting properties of barley has focused on mechanisms involving b-glucans (Pins and Kaur, 2006) .
The interest in the role of natural antioxidant compounds in human health has increased recently. Barley grains in general contain different types of phytochemicals, which are sometimes referred to as phytonutrients, and in barley the most studied compounds are sterols, tocopherols, tocotrienols and phenolic compounds (Newman and Newman, 2008) . Phenolic compounds are considered as a major group of compounds that contribute to the antioxidant activity of cereal and are considered with great interest for the development of functional foods. The antioxidant activity of polyphenols has been reported to be mainly due to their redox properties, which can play an important role in neutralising free radical and quenching oxygen or decomposing peroxides (Kahkonen et al., 1999) .
Vitamin E is a complex of eight izomers, four tocopherols and four tocotrienols, collectively called tocols. The tocols are associated with lipid components in aleirone, endosperm, and embryo tissue (Newman, Newman, 2008) . The tocols in barley germ are predominantly tocopherols (about 97%), whereas those in the endosperm are predominantly tocotrienols (80-90%). Therefore, the total amounts of tocotrienols are greater than those of tocopherols in barely oil prepared from ground barley kernels (Charalampopouos et al., 2002; Moreau et al., 2007) . Both genotype and environment affect total tocol content (Cavarello et al., 2004) . Specific forms of tocopherols and tocotrienols accumulate with different kinetics during barley grain development (Falk et al., 2004) .
The objective of this study was to describe the physical and chemical characteristics of grains of hulless barley genotypes from the Latvian spring barley programme. For the determination of total phenolic content (TPC) and radical scavenging activity (RSA), 1.5 gram grain flour was mixed with 30 ml of 50% (vol.) ethanol in an Erlenmeyer flask (250 ml).The mixture was stirred at 40°C for 15 minutes and then at room temperature for an hour. After extraction the supernatant was filtered through filter paper. The filtrate was used for the analysis of TPC and RSA.
MATERIALS AND METHODS

Grain
TPC was determined according to colorimetric method described in literature (Ragaee et al., 2006) with some modifications. This method is based on the reduction of the FolinCiocalteu reagent by phenol to a mixture of the reaction products, having absorbance maximum at 765 nm. 1 ml of extract was mixed with 5 ml of 10% Folin-Ciocalteu's reagent in distilled water and 4 ml 7.5 % Na 2 CO 3 solution, stirred for 30 min at room temperature and the absorbance at 765 nm was measured with a spectrophotometer UVIKON 930 (Kontron Instruments, Italy). TPC was calculated using gallic acid as a standard (0.0075-0.060 mg/mL) (R 2 = 0.9999) and expressed as mg gallic acid equivalents per 100 g of grain dry weight (DW).
2.2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity (RSA) assay was performed according to the modified method prescribed in literature (Ragaee et al., 2006) . 0.4 ml of extract (sample) or 50% (vol.) ethanol (control sample) was added to 3.6 ml of 10 -4 M DPPH solution in ethanol and mixed. The mixture was vigorously shaken and left to stand for 20 min. The absorbance at 517 nm was measured against 50% (vol.) ethanol as a blank. The DPPH radical scavenging activity (%) was calculated using equation (1):
A control is the absorbance of the control sample; A sample is the absorbance of the sample.
Mean samples from all replications were taken and milled for a-tocopherol (a-T) determination in the Laboratory of Food and Environmental Investigations Institute of Food Safety, Animal Health and Environment "BIOR" using the high-performance liquid-chromatography method. The method is a standard for detection of a-tocopherol in diet samples. Absorption was measured at 292 nm. Chromatography was carried out on a C18 column using methanol/ water (98/2 v/v).
The growing seasons of 2010 and 2011 were characterised by temperature above to the long-term average and some extreme periods of drought. In 2010, low precipitation and high temperature occurred in the third decade of June and the first decade of July. In 2011, hot and dry conditions occurred during the third decade of May and in first decade of June.
ANOVA were used for statistical data analysis. The obtained results were statistically processed using methods of descriptive statistics. In the analysis of variance omega squared (w 2 ) was calculated to measure the effect size or relative contributions of factors (genotype, year, genotype × year) using equation (2) (Grissom and Kim, 2012.) :
The significance of the effect of factors was determined at probability level of 0.05. The value of genotypic variability for traits was determined and expressed by standard deviation (s) and coefficient of variations (V%) values. Pearson correlation coefficients between two year phenotypic means were calculated. The best lines according to food grain physical and chemical traits were selected using selection criterion -trait values ³ mean + s.
RESULTS
Physical traits of grain. ANOVA showed that physical traits of grain for hulless barley lines in the tested breeding material were significantly (P £ 0.05) influenced by two main factors (genotype, year) and their interaction (Fig. 1) .
The variation of thousand kernel weight (TKW) was mainly determined by genotype (w 2 = 52%) and year (w 2 hulled = 31%). TKW for hulless barley breeding lines was 40.7 and 43.8 g in 2010 and 2011, respectively. Significantly higher (P £ 0.05) values of this trait were observed in 2011, but a greater difference between minimum and maximum value of this traits was found in 2010, as indicated also coefficient of variation (Table 1) . In both years, some hulless breeding lines had significantly higher TKW than those of the hulless standard variety 'Irbe' (+3.9 and 6.9 g compared with hulless standard variety 'Irbe'; Rs 0.05 = 1.39-1.81 g).
The main effect of variation of TW was due to year and genotype (42% and 32%, respectively) and to a lesser extent by interaction of factors for both physical traits (Fig. 1) . There was a significant (P £ 0.05) difference between years of investigation in mean value of TW for hulless breeding lines, and a higher test weight was observed in 2010 (Table  1) . Grains of hulless genotypes were characterised by higher TW than that of hulled barley standard variety 'Ansis'. The best hulless breeding lines, according to TW value, were on the level of that of standard 'Irbe'.
Macronutrient content. ANOVA indicated that the variation of all macronutrients (crude protein, starch and b-glucan) content was mainly determined by genotype (w 2 = 46-62%) and to a lesser extent by year and by interaction of factors (Table 1) .
The difference between minimum and maximum value of crude protein was rather high and varied from 133.0 to 188.2 g kg -1 in 2010 and from 145.1 to 183.2 g kg -1 in 2011. A significantly higher crude protein for grain of hulless barley lines was observed in 2011. In both years, there were some hulless breeding lines with significantly higher crude protein content (+30.4-47.9 g kg -1 , compared to the hulless standard variety 'Irbe'; Rs 0.05 = 14.25 -17.32 g kg -1 ).
There was a significant (P £ 0.05) difference between years of investigation in mean value of starch content for grains T a b l e 1 The hulled variety 'Ansis' had lower radical scavenging activity (49.7%) than that of the hulless variety 'Irbe' (64.3%). Total phenolic compound amount expressed as gallic acid equivalent (GAE) in hulless barley breeding material had high variation: from 143.6 to 262.1 GAE mg 100 g -1 with coefficient of variation 13.4%. There was no notable difference between hulled and hulless standard varieties in content of total phenolic compounds in grain. The coefficient of variation of a-tocopherol among hulless genotypes was high and varied from 3.30 to 7.78 mg kg -1 . The genotypic variation in a-tocopherol content in grain of hulless barley breeding lines was also high (V% = 25.6).
CHARACTERISTICS OF GRAIN PHYSICAL TRAITS AND MACRONUTRIENT CONTENT FOR HULLESS SPRING BARLEY LINES AND HULLESS (HB) AND COVERED (C) STANDARDS (2010-2011)
The content of a-tocopherol varied from 3.3 to 8.7 mg kg -1 .
Hulless standard variety 'Irbe' had a higher a-tocopherol content in grains than the covered variety 'Ansis' (Table 2 ).
There were significant correlations between physical and chemical composition variables for hulless barley genotypes. In both years of investigation significant negative correlation was found between starch content and 1000 grain weight (r 10 = -0.480; r 11 = -0.483) and crude protein (r 10 = 0.720; r 11 = -0.868). Positive correlation was found between crude protein and b-glucan, and in 2010 this relationship was statistically significant (Table 3) . starch; BGL, b-glucans; TPC, total phenolic content; RSA, radical scavenging activity; a-T, a-tocopherol 3 Significant at 0.05 probability level (r0.05;n-2 = 0.381) Significant (P < 0.05) positive correlation was detected between total DPPH radical scavenging activity and starch content (r = 0.530). There was a positive significant relationship between the content of total phenolic content in barley grain dry matter and radical scavenging activity (r = 0.519; r 0.05 = 0.381).
A summary of genotypes with food grain physical and chemical trait values that are above the mean levels are shown in Table 4 .
Several hulless barley lines provided good results according to several grain quality traits simultaneously (indicated in bold). Hulless line 'IC 360' characterized with heightened 1000 kernel weight (46.2 g), crude protein (177.3 g kg -1 ) and b-glucan content (53.6 g kg -1 ) as well as total phenolic content (221.6 mg GAE 100 g). Hulless barley line '1185' was selected due to high starch content (624.5 g kg -1 ) micronutrient levels -total phenolic content (222.3 mg GAE 100 g -1 ), radical scavenging activity (80.1%) and a-tocopherol content (6.9 mg kg -1 ).
Hulless line 'PR 3440' with waxy endosperm showed good results of food grain quality according to grain b-glucan (59.9 g kg -1 ) content in grains, total phenolic content (234.7 mg GAE 100 g -1 ) and radical scavenging activity (76.9%).
DISCUSSION
Genetic variability in the material of a breeding programme is an important resource for creation of new variety ideotypes with desired traits for increased crop production and quality.
The absence of a hull results in a 10-13% average dry weight loss, and therefore hulless genotypes are commonly known to have a lower 1000 kernel weight, higher test weight, starch content and beta-glucan content in grains than covered ones (Bhatty, 1999) . The data presented in this paper demonstrate notable variation among the spring barley breeding lines in all investigated grain physical traits as well as in macronutrient and micronutrient content in the grain dry matter.
In this study, significantly higher TKW, crude protein and b-glucan was observed in 2011 than in 2010. This can be explained by differences between these two years in periods of high temperature and low precipitation. Grain weight can be influenced by grain set, which should reflect conditions around anthesis and can be also influenced by earlier conditions as well. A reduction in TKW may be not only due to abiotic and biotic stress during grain filling, but a lower grain weight could indicate also the plasticity of yield components (Fisher, 2007) . In 2010, during the first part of grain filling, the weather conditions were hot and dry, which could have influenced the final grain weight. In 2011, the critical period for plant development during the generative phase occurred at the end of May and beginning of June, when set of grain number in spikes were forming. Later, this development was a prerequisite for higher grain weight due to compensation during the grain filling period when moisture conditions became optimal. Barley protein usually varies inversely with the starch content, and exhibits the greatest fluctuation among the main nutrients. Accumulation of starch is more sensitive to high temperature than is accumulation of nitrogen, which frequently determines the grain nitrogen proportion and thus protein content (Schelling et al., 2003) . This effect of temperature was observed in 2011. Also, b-glucan content increases gradually during grain development, depending on variety and growing season (Aman et al., 1989) .
Several types of polyphenol extraction have been described, as well as various techniques have been used for the determination of polyphenolic compounds. For barley, total polyphenol contents measured by spectrofotometric method and expressed in gallic acid equivalent/GAE have been published in the literature (Singleton et al., 1999; Zhao et al., 2008; Dabina-Bicka et al., 2011) . The present study indicated that hulless barley can be a good source of phenolic compounds as TPC content ranged from 143.6 to 262.1 mg GAE 100 g -1 .
The obtained values are similar to those reported by H. Zhao et al. (2008) but higher than those reported by Singleton et al. (1996) . Also, similar values for TPC content of hulless barley genotypes of Latvian origin were obtained by I. Dabina-Bicka et al. (2011) and TPC content did not significantly differ between covered and hulless barley.
The results showed a positive significant relationship between total phenolic content and radical scavenging activity. Total phenolic content showed strong correlation with DPPH radical scavenging activity in spring barley (Zhao, 2008) . This confirms that metabolites like phenolic compounds possess antioxidant activity and can play a preventive role in the development of cancer, heart and age related diseases. They have also been reported to be chemopreventive agents by lowering cholesterol levels and repairing damaged cells (Kahkonen et al., 1999) .
Significant (P < 0.05) positive correlation was observed between DPPH radical scavenging activity and grain starch content. Whole and unpolished grain of hulless barley consist mainly of starchy endosperm, and hence the ratio of amylose and amylopectin content can effect not only the quality of obtained baking products but also the antioxidant activity. For example, it has been shown that high-amylose corn has better antioxidant activity than typical corn genotypes (Li et al., 2007) . In our study, the only genotype 'PR 3440' with waxy or high-amylopectin endosperm also showed higher radical scavenging activity and total phenolic content. In the future, wider investigation of genotypes with different amylose and amylopectin ratios is needed to find donors with high content of natural antioxidant compounds.
Among cereals, barley can be a good source of tocopherols and tocotrienols, which are important phytochemical compounds with antioxidant activity and potential benefits for human health (Colombo, 2010) . The hulless barley genotypes included in this study showed rather high variability in a-tocopherol content (3.3-8.7 mg kg -1 ).These results were similar to those reported by Ehrenbergerova et al. (2006) study in the Czech Republic, in which the average á-tocopherols content was 6.7 mg kg -1 . In Italy, for hulless varieties the a-tocopherol content was higher (8.4 to 10.1 g kg -1 ) and for covered varieties -8.4-8.6 g kg -1 (Cavarello et al., 2004) . Genotype and growing conditions are known to significantly affect the content of a-tocopherol (Zilienski et al., 2001; Ehrenbergerova et al., 2006) .
The major aim of this study was determination of hulless barley genotypes with high nutritional value. Genotypic potential exists within the hulless spring barley material included in this study. This genetic variation can be used for the development of the improved barley breeding material specifically designed for food with high nutritional value. The study concludes that hulless barley has antioxidant activity, which is related to the total phenolic content of the grain dry matter samples. Hence, cereal species can be a potential source of natural antioxidant, which could be useful in physiological and pathological medicine, and of interest to food manufacturing industries. 
